Planning, construction and operation of onsite wastewater treatment systems at mountain refuges is a challenge. Energy supply, costly transport, limited water resources, unfavourable climate and load variations are only some of the problems that have to be faced. Additionally, legal regulations are different between and even within countries of the Alps. To ensure sustainability, integrated management of the alpine infrastructure management is needed. The energy and water supply and the wastewater and waste disposal systems and the cross-relations between them were analysed for 100 mountain refuges. Wastewater treatment is a main part of the overall 'mountain refuge' system. The data survey and first analyses showed the complex interaction of the wastewater treatment with the other infrastructure. Main criteria for reliable and efficient operation are training, technical support, user friendly control and a relatively simple system set up. Wastewater temperature, alkalinity consumption and high peak loads have to be considered in the planning process. The availability of power in terms of duration and connexion is decisive for the choice of the system. Further, frequency fluctuations may lead to damages to the installed aerators. The type of water source and the type of sanitary equipment influence the wastewater quantity and quality. Biosolids are treated and disposed separately or together with primary or secondary sludge from wastewater treatment dependent on the legal requirements.
above (Wett et al. 2002a,b) . The wastewater treatment systems are an important, costly but not the only part to be considered for the 'island solution' mountain refuge.
To ensure sustainability, an integrated management of the alpine infrastructure comprising energy and water supply as well as wastewater and waste management is needed. In fall 2006 a project was initiated by the alpine associations of Germany, Austria, Italy, Switzerland, Slovenia and the Czech Republic, and project work was started in spring 2007. The consortium comprises planners, operators, researchers and legal authorities. The objective of the project is to provide a basis for effective planning, construction, operation and maintenance of infrastructure systems using an integrated approach (of energy supply, water supply, wastewater treatment, and waste disposal).
The results shall serve as basis for decision support for all stakeholders involved.
Sustainability may be defined in various ways representing a concept that might be based on different principles and strategies (CEC 2002; Alfsen & Greaker 2007; Glavic & Lukmann 2007) . The principle of eco-efficiency is reasonable to be applied for the operation of mountain refuges.
Mountain refuges provide a certain level of services (food and shelter) for the visitor (mountaineer, hiker). Alpine Associations represent the interests of their members (and the public) and are responsible to carry investment and reinvestment costs and -finally -intend to conserve alpine eco systems as basis for the future. Thus, the services shall be provided under minimal use of resources (water, fossil fuel) causing minimal emissions (wastewater, waste).
The aim of this paper is to focus on the aspects of wastewater treatment within the complex overall system.
The authors intend to show the importance of integrated planning and operation since the installed small wastewater treatment systems are a key towards sustainable operation of mountain refuges.
MATERIAL AND METHODS

System analysis
The basic scheme of a mountain refuge representing a stand-alone system is shown in Figure 1 . The objectives of the system analyses are the description of the technical system and the different framework conditions. Methods and experiences from performance assessment in the field of water supply and wastewater management (Matos et al. 2003; Allegre et al. 2006 ) were used as basis for an adapted methodical approach. Due to the wide range of different conditions present at mountain refuges, grouping is a main challenge of the evaluation process. To describe the single systems (sectors) and interactions and interdependencies between the systems (cross-links), a performance indicator (PI) concept with sector-PIs and cross-link-PIs was elaborated. Detailed information on this approach is given in Weissenbacher et al. (2008) .
Data collection
Data has been collected for 100 selected mountain refuges (94 datasets so far) within the six partner countries (Table 1) 
RESULTS AND DISCUSSION
General considerations
Retreating glaciers and decreasing snow cover can be already observed in the region. It was stated that the Alpine region will be strongly affected by climate change. Rising temperatures, changes in vegetation periods and rising snow line will lead to changes in hydrology (Berz 2007) .
Many mountain refuges in the higher regions are already facing problems with water supply during summer months due to reduced natural storage capacities. As the water use is closely related to sanitation, alternative treatment options to save water gain more importance.
During the last decades, the number of visitors increased significantly due to increased tourism from Eastern Europe (Grinzinger 1999) . Despite the efforts of the Alpine Associations to decrease or at least not to increase the service level offered at the refuges (e.g. menu, showers; classified as refuge categories I-III) during the 90s, many refuges have become more a mountain hotel or restaurant-far from being a simple refuge. Those trends increased the pressure on the environment but also on the Alpine Associations responsible for (the costly) infrastructure.
Beside the unfavourable climatic and transport conditions, different legal requirements also require tailormade solutions with a variety of treatment combinations possible. The success of the planning process is mostly dependent on the experience of the involved planners.
Overall planning concepts based on an integrated view as proposed in this paper are mostly missing. The planning and construction of infrastructure systems is a process that covers decades. New built mountain refuges are the exception. Different public subsidising schemes and limited baseline data for planning (e.g. visitor frequency, water demand) are also hindering the successful planning process in many cases.
Small systems at mountain refuges
The distribution of the treatment types for altitude and transport for the 100 selected mountain refuges is shown in (Figure 2 ). Important experiences from OWTS operation at mountain refuges can be summarised as follows. † Maintenance is the key for a reliable system operation.
Maintenance on a regular basis combined with documentation leads to better operation performance. Basic training on wastewater treatment plant operation leads to higher motivation of the operator. † The communication between operator and Alpine Association and technical support by skilled personnel is also influencing the operation results. The systems are strongly influenced by peak loads-e.g.
due to weekend operation. Hence, the significance of grab samples is questionable. A more reasonable approach to characterise the system performance may be mass balancing based on visitor data and standard equivalents for organic load and wastewater production (OEWAV 2000) . † Low wastewater temperature, peak loads and a lack of alkalinity are the main technological problems for biological treatment.
The intensity of wastewater peak volumes is shown in Figure 3 . High peak rates indicate high visitor numbers during weekends.
The integrated view
The integrated view emphasises on the identification of important interactions and interdependencies influencing the single systems and the overall operation of the mountain refuge. Within the overall project, the integral evaluation results shall be introduced in planning guidelines. In the following, important interdependencies between wastewater treatment and the other systems will be discussed.
All systems are dependent on the general framework shown in Figure 1 . Availability of resources and transport conditions are strongly influencing investment and operation costs.
Wastewater and energy
The influence of energy supply on wastewater treatment comprises three aspects: † availability of electricity in terms of connexion power and time (hours per day) † availability of thermal energy for biological treatment (wastewater temperature) † 'quality' of the electric connexion: frequency fluctuations.
For mountain refuges with low connexion power from renewable energy sources (solar power), it is important that the connexion power end energy demand of the treatment system is low (no pressure aeration, limited number of pumps). Otherwise, fossil fuel would be necessary to ensure the supply for the plant. In case that the full connexion power is only temporarily available, the treatment system 
Wastewater and water
The availability of water is decisive for the sanitary equipment (flushing toilets and reuse systems) and the amount of wastewater produced. Further, hot water consumption (showers) increases the wastewater temperature and leads to higher efficiency of biological treatments. In the case of rainwater harvesting, the low alkalinity of the wastewater leads to acidification from nitrification.
Addition of inorganic carbon may be necessary to prevent system inhibition (Wett et al. 2003) . OWTS have to be planned considering the water use patterns and alkalinity.
Lime dosage or the use of limestone for fixed bed systems may be applied. Especially during longer periods with good weather conditions-many visitors and low water availability from precipitation-problems with both water supply and wastewater treatment are the result. Dry toilets reduce the water demand. A comparison of the average specific water demand of dry toilet systems in comparison to conventional systems is given in Figure 4 .
Wastewater and waste
Treatment and disposal of sewage sludge is a matter of concern in areas with sensitive hydrology. Legal requirements differ significantly-even within Austria. Whereas the disposal nearby the mountain refuge may be allowed in several cases, the transport to the valley and the disposal at municipal WWTPs is required in others. Thus, the operation costs can be increased significantly dependent on the transport situation ( Figure 2 ). Composting is a suitable treatment option for sewage sludge and bio solids for direct disposal or for the reduction of the transport volume.
SUMMARY AND CONCLUSIONS
Wastewater treatment is a major part of the infrastructure of related to climate change. Biosolids can be treated and disposed together with primary or secondary sludge from wastewater treatment dependent on the legal requirements.
